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ORBICULAR GABBRO-DIORITE FROM DAVIE COUNTY, 
NORTH CAROLINA.' 

GENERAL STATEMENT. 

SPHEROIDAL or orbicular structures have been observed in granites 
and diorites among plutonic rocks from many parts of the world, 
and especially celebrated are some of these occurrences in North 
America and Europe. The best-known of the European localities 
are Fonni2 in Sardinia, Wirvika in Finland, Slittmossa4 in Sweden, 
Riesengebirges in Silesia, Mallaghderg6 in County Donegal, Ireland, 
and Corsica. In America the structure seems to have been less 
often observed than in Europe, though a number of occurrences have 
been described, mostly among granites, from widely separated 
localities. These have been made known through the publications of 
Edward Hitchcock,7 Hawes,s Chroustschoff,9 von Rath,'1 Zirkel," 
Kemp, '2 

F. D. Adams,'3 and Lawson,'4 which include the following 

x Published by permission of the state geologist of North Carolina. 
2 G. VON RATH, Sitzungsberichte der Niederrheinischen Gesellschaft, Bonn, June, 

1885, p. 201; F. FOUQUE, Bulletins de la Sociit~ mineralogique de France, Vol. X 

(1887), p. 57- 
3 B. FROSTERUS, Tschermaks Mineralogische und petrographische Mittheilungen, 

Vol. XIII (1898), p. 177; Bull. Com. Geol. Finland, 1896, No. 4. 
4 W. C. BROGGER, OCH H. BACKSTROM, Geologiska Fdreningen i Stockholm, Fdr- 

handlinger, Vol. IX (1887), p. 351; H. BACKSTR6M, ibid., Vol. XVI (1894), p. 107; 
N. D. HOLST, OCH F. EICHSTADT, ibid., Vol. VII, p. 134. 

s F. H. HATCH, Quarterly Journal of the Geological Society, Vol. XLIV (1888), 
p. 548. 

6 G. ROSE, Poggendorff's A nnalen, Vol. LXI, p. 624. 
7 Geology of Vermont, Vol. II (1861), p. 564. 
8 Geology of New Hampshire, Vol. III (1878), Part 4, p. 203. 
9 Bulletins de la 

Soci.'td mineralogique de France, Vol. VIII (1885), p. 137- 

1o Sitzungsberichte der Niederrheinischen Geschellschaft fiir Natur- und Heilkunde, 

December, I, 1884. 
", Fortieth Parallel Survey, Vol. VI (1878), p. 54. 
12 Transactions of the New York Academy of Sciences, Vol. XIII (1903), pp. 140-43 

Science, N. S., Vol. XVIII (I903), P- 503- 
'3 Bulletin of the Geological Society of America, Vol. IX (1898), p. 163- 
14 A. C. LAWSON, " The Orbicular Gabbro Diorite at Dehesa, San Diego county, 

California," The University of California Publications, Bulletin, Department of 
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ORBICULAR GABBRO-DIORITE 

principal localities: the "prune" or "pudding" granite of Craftsbury, 
Vermont; the orbicular diorite at Rattlesnake Bar, El Dorado county, 
California; the granite from Clark's Peak, Medicine Bow Range, 
Colorado; orbicular granite from Quonochontogue Beach, Rhode 
Island; a spheroidal granite from near Charlevoix, Michigan, in the 
northwest portion of the Lower Peninsula; a nodular granite from 
from Pine Lake, Ontario; and the orbieular gabbro at Dehesa, San 

Diego county, California. 
The nodules of spheroidal rocks are considered similar in some 

respects to the dark segregations, or "schlieren," so frequently 
observed and described in granites. Like the spheroids, the dark 

segregations are usually more basic in composition than the general 
magma out of which they have segregated. A noteworthy exception 
to this, however, is the nodular granite from Pine Lake, Ontario, 
described by Adams,' the nodules of which are very appreciably 
more acid than the granite matrix, although the analysis' of the 
matrix indicates a very acid granite. The schlieren of granites in 

general are often of rounded outline, and at times show a sharp line 
of demarkation from the inclosing matrix, but, as a rule, they display 
no tendency to separate from the granite when broken. In many 
cases the segregations (schlieren) and spheroids are quite similar in 
mineral composition, but the dark segregations do not manifest the 
concentric and radiating structures characteristic of the spheroidal 
nodules. 

Last summer (1903), while engaged in field study of the granites 
of North Carolina for the State Survey, the writer had occasion to 
examine very carefully in the field an orbicular gabbro-diorite in 
Davie county,3 and later to study, microscopically, thin sections cut 

Geology, Vol. III (1904), pp. 383-96; abstract, Science, N. S., Vol. XV (1902), 
p. 415. 

Some of the references given above on the European localities have not been 
accessible to me. Those not accessible have been quoted from PROFESSOR KEMP'S 
paper in the Transactions of the New York Academy of Sciences, cited above; and 
from SIR A. GEIKIE'S Text Book of Geology, 1903, 4th ed., Vol. I, pp. 2o6, 224. 

I "Nodular Granite from Pine Lake, Ontario," Bulletin of the Geological Society 
of America, Vol. IX (1898), pp. 163-72. 

2 Ibid., p. I69. 
3 Knowledge of the existence of this rock dates back many years, but, so far as I 

am aware, a full description of it has not been published. Very brief mention of it 

295 



THOMAS L. WATSON 

from hand specimens of the rock collected. Certain peculiarities of 
occurrence, structure, and composition of this rock not previously 
noted, so far as I am aware, among deep-seated rocks developing the 
spheroidal structure, seemed worthy of careful study. Further interest 
attaches to this rock for the reason that, as yet, it forms the only 
example of orbicular structure among deep-seated rocks found in 
the southern Appalachian region, and also because it adds a rock 
type which, in some respects, is a new one developing nodular or 
spheroidal structure. 

GENERAL DESCRIPTION OF THE OCCURRENCE. 

Exposures of the orbicular rock occur in the eastern part of Davie 
county on the Hairston farm, about ten miles west of Lexington and 
within one and a half miles of the Yadkin River. A peak or knoll 
of moderate size, rising about thirty feet in elevation above the sur- 
rounding plain and composed of huge bowlders, affords the only 
exposure of the fresh rock. Several of the larger bowlders have been 

split and partially worked off at different times, chiefly for use about 
the Hairston residence and to a less extent for museum specimens. 

Traced southwestward from the knoll is found complete evidence 
of the extension in that direction of the orbicular gabbro-diorite, in 
the residual decay and in occasional partially decayed fragments of 
the rock scattered over the surface. The decay is of a pronounced 
dark, nearly black color, with a distinct greenish tint imparted by the 
ferromagnesian constituent of the fresh rock. Oxidation of the 
iron in the iron-bearing minerals of the decay is not appreciably 
apparent at any point. As nearly as could be determined, the zone 
of residual decay derived from the gabbro-diorite averages several 
hundred feet in width and extends approximately one-half to three- 

quarters of a mile southwest from the koll. Fairly sharp contacts 
between the decay of the orbicular diorite and that of an inclosing 
gray porphyritic biotite granite were noted in a number of places, 
which strongly suggest that the orbicular rock forms a dike having 
an approximate northeast-southwest strike, penetrating the porphy- 
ritic biotite granite. 
is made in the following publications: J. V. LEWIS, "Notes on Building and Orna- 
mental Stone," First Biennial Report of the State Geologist, 1891-92, North Carolina 

Geological Survey, 1893, p. 91; GEORGE P. MERRILL, Stones for Building and Decora- 
tion (New York, 1897), 2d ed., p. 259. 
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ORBICULAR GABBRO-DIORITE 

The field relations between, and the mineral composition of, the 
diorite and granite suggest different periods of intrusion of the two 
rocks, in the Carolina locality. Close by and approximately parallel- 
ing the general direction in strike (northeast-southwest) of the orbic- 
ular gabbro-diorite are some half-dozen dikes of massive unaltered 

FIG. I. 

normal diabase which penetrate the porphyritic granite. While 
conclusive evidence is lacking, it is not improbable that the orbicular 
diorite and the neighboring dikes of diabase are of the same age. 
Southwestward a short distance from the knoll of exposed masses of 
the typical orbicular structure, the rock loses its characteristic nodular 
or spheroidal structure and assumes a pronounced granitic texture 
of rather coarse grain, but composed of the same minerals and of the 
same general dark color. 

The color of the orbicular rock is dark, with a greenish tint 
imparted by the dark green ferromagnesian minerals. As indicated 
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in Fig. 2, the spheroidal growths compose by far the bulk of the 
rock. Variation of the nodules is from nearly perfect spheres to 
ellipsoidal in shape, and in size they range from a fraction of an 
inch to several inches across. They can readily be broken out of 
the rock in complete form, almost or entirely free from the inclosing 
matrix. Compression due to flow movements in the rock while 
still plastic is but slightly indicated in the shapes of the nodules. 

The nodules are uniformly greenish black in color, composed, as 
a rule, almost or entirely of dark ferromagnesian minerals, which 
show a radial arrangement about a common center. They are 
usually crowded close together, touching each other in many cases, 
with the interspaces largely filled with clear white cleavable and 
lustrous feldspar, a very little quartz, and penetrating laths of horn- 
blende. Relatively large and small perfect crystals of reddish- 
brown titanite are very generally distributed through the rock, 
common to both nodules and matrix. In some instances feldspar 
and quartz, rarely pyrite, in small grains, have been observed, each 
in different spheroids, to form a nucleus about which the somewhat 
fibrous ferromagnesian minerals have arranged themselves in a 
radial structure. Both the feldspar and the quartz may occur 
together, forming the nucleus of a single nodule. Of the nucleal 
minerals feldspar is perhaps the most common. In a majority of 
the spheroids, however, the nucleus or core of feldspar and quartz 
practically fails, when the nodules become spheres of ferromagnesian 
minerals. 

Search through the literature develops, from descriptions of 
orbicular structure in deep-seated rocks, several important differ- 
ences in structure and composition of the spheroids in the Carolina 
rock from those usually observed in similar rocks from other localities. 
The chief differences to be noted are: (i) In the Carolina rock the sphe- 
roids are marked by the almost entire absence of concentric structure, 
which ordinarily characterizes the nodules of deep-seated orbicular 
rocks described from other localities. Only the barest semblance 
of such structure is noted in the Carolina rock, and it entirely fails 
in most of the spheroids. (2) The spheroids of orbicular rocks 
hitherto described are composed of several minerals, usually the 
principal constituents of the groundmass, though additional ones 
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FIG. 2. 
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not present in the groundmass may occur, in some cases, in the nodules. 
As would be expected, difference in color for different parts of the 

spheroid would naturally follow from such a structural arrangement 
of the differently colored minerals, such as feldspar and quartz with 
one or more of the dark silicates. In the Carolina rock the sphe- 
roids are very generally composed of the dark silicates, in many of 
which the light-colored minerals, quartz and feldspar, entirely fail, 
hence they are very basic in composition and are of the same uni- 

formly dark greenish color throughout. The feldspar filling the 

interspaces is often penetrated by large laths of the black lustrous 
hornblende, which may either have contact with, or extend from, 
the spheroid, or be entirely separated therefrom and inclosed wholly 
by the feldspar. (See Fig. 2.) 

MICROSCOPICAL CHARACTER OF THE ROCK. 

Six thin sections were prepared from selected chips of the rock 
for microscopical study. Five of the sections were cut from the 
nodules and one from a representative fragment of the interstitial 

filling or matrix. The character of the sections was such that only 
slight evidence was afforded of the structure of the nodules micro- 

scopically, but the radial arrangement of the minerals composing the 
nodules about a common center is entirely clear in hand specimens 
of the rock, as indicated in the megascopic description above and 
shown in Fig. 2. 

Diallage, green hornbl'ende, basic plagioclase, microcline, quartz, 
titanite, muscovite, calcite, zoisite, magnetite, and an occasional zir- 
con are the principal minerals of the rock. Essentially the same 
minerals are observed, as a rule, in both the matrix and the nodules, 
but in different proportions; the matrix being composed very largely 
of feldspar, with very subordinate amount of most of the other min- 

erals, and the nodules of the ferromagnesian minerals, with in many 
of them only the barest trace of the other minerals. Of the accessory 
minerals noted in the nodules feldspar is usually in largest amount. 

The ferromagnesian minerals, diallage and hornblende, in vary- 
ing amounts are present in all the sections. In many of them, prob- 
ably a majority, hornblende is subordinate in amount to diallage; 
in others the two are in nearly equal proportion; and in still others 
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hornblende is in slight excess. Diallage occurs in rather large irregu- 
lar forms without crystal boundaries, exhibiting strong development 
of the orthopinacoidal cleavage. It is usually of faint greenish color 
and without sensible pleochroism. Minute microscopic interposi- 
tions are abundant, and it further incloses irregular grains and per- 
fect idiomorphic crystals of hornblende. 

The hornblende is principally of the green uralitic kind, approxi- 
mating parallel columnar and fibrous forms, which usually show 
cleavage only in direction of elongation, but it entirely fails in some 
of the more irregular aggregates. Both the hornblende and dial- 
lage indicate some alteration (leaching) to nearly colorless forms. 
The angle of extinction measured on many pieces of the hornblende 
varies from 130 to 200. Pleochroism is confined chiefly to green 
tones, with the ray vibrating parallel to A appearing slightly yellow, 
and that vibrating parallel to B is occasionally tinged a faint brown. 
Compact hornblende in rhombic cross-sections, bounded by the 
prism and usually the pinacoid faces, and showing the intersecting 
prismatic cleavages, is distributed through the sections, with much 
of it inclosed by the diallage. 

Basic plagioclase is the predominant feldspar. Its substance is 
never fresh, but is largely altered to muscovite and calcite, and some 
zoisite which, with few exceptions, has completely destroyed the 
polysynthetic twinning lamelhe. It occurs almost entirely as irregu- 
lar, large grains without idiomorphic outline. Perfectly fresh micro- 
cline as irregular grains, and exhibiting the characteristic twinning 
structure, is present in every thin section studied. It sometimes 
occurs as inclusions of moderate-sized grains in the plagioclase. 
Abundant prisms of apatite, usually of fairly large size, are included 
in the feldspar. Some of these are in cross-sections which show 
perfect hexagonal shape; others are in longitudinal sections, and 
occasionally some of the apatite forms grains of irregular outline. 

Titanite is abundant in comparatively large idiomorphic crystals, 
yielding characteristic, sharply rhombic cross-sections. Some of it 
occurs in irregular grains without crystal outline. In thin section 
the color is pale to moderately deep brown, with slight absorption in 
the deeper-colored crystals. It is usually free from inclusions of 
other minerals. Cleavage is rather pronounced in much of it. 
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Quartz is present in very subordinate amount in many of the 
sections, and it is probably largely, if not entirely, secondary. Mus- 
covite and calcite are wholly secondary, and as such they present 
no noteworthy features. Magnetite and an occasional zircon com- 
plete the list of minerals. 

Summing up the results of the microscopic study, we find that 
the sections consist essentially of diallage, uralitic hornblende, and 
a basic plagioclase, showing, as a rule, but slight polysynthetic 
twinning, and usually altered to muscovite and calcite, or to zoisite 
and muscovite. The presence of perfectly fresh microcline in sub- 
ordinate amount, a little quartz which is probably secondary, and a 
relatively large amount of accessory titanite and apatite is charac- 
teristic. Clearly the rock is a gabbro-diorite, although the presence 
in some of the sections of microcline and quartz is unusual. 

ORIGIN OF THE NODULAR STRUCTURE. 

Bickstr6m accounts for the origin of certain European nodular 
granite on the basis of magmatic differentiation, in which the nodules, 
like the Carolina occurrence, are more basic than the matrix., This 
seems to be the most satisfactory explanation of the Carolina occur- 
rence, but whether the beginning of the nodules resulted from greater 
basicity, differential cooling, or from some other cause, it is not pos- 
sible to state definitely. 

From the relations of the minerals in the rock it appears that the 
dark silicates generally preceded the feldspar in crystallization, 
although overlapping in the periods of separation from the magma 
of these minerals is distinctly shown. The primary accessories, 
apatite, titanite, iron ore, etc., are idiomorphic in outline and were 
the earliest minerals to crystallize from the magma. Microscopic 
evidence further indicates that the nodules were developed in the 

magma when crystallization was fairly well advanced. 

RESUME. 

Briefly summarized, the principal results of this study are: (i) 
The rock is a gabbro-diorite whose field relations strongly suggest 
occurrence in the form of a dike penetrating a gray porphyritic biotite 

IJOURNAL OF GEOLOGY, Vol. I (1893), PP. 773-90; Geologiska Foreningen i. 
Stockholm, Fdrhandlingar, 1894, p. 128. 
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granite. (2) Two textural facies of the rock having approximately 
the same mineral composition, are observed, namely, (a) orbicular or 
nodular, and (b) granitic. (3) In the nodular facies the nodules com- 
pose vastly the greater bulk of the rock. They are of varying, but mod- 
erately large, size, usually crowded close together, with a small amount 
of matrix or interstitial filling, largely composed of feldspar and very 
subordinate amount of the other minerals. (4) The nodules are uni- 
formly dark in color, very basic in composition, and, with but few 
exceptions, are made up almost entirely of the dark silicates, diallage, 
and hornblende. (5) The structure of the nodules is radial and not, 
as frequently observed in such rocks, concentric, or both. (6) Micro- 
scopic evidence suggests that the nodular structure is a product of 
magmatic differentiation. 

THOMAS LEONARD WATSON. 
GEOLOGICAL LABORATORY OF DENISON UNIVERSITY, 

Granville, Ohio. 
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